Labs for course #412

Analyzing Microarray Data using the mAdb System
July 15-16, 2008 1:00pm- 4:00pm

® First, look at the questions on the bottom of each page. Write down
the answers while going through the steps on the page.

® Keep the browser NOT maximized so multiple windows can be
distinguished.



Lab 1. Copying a Training Dataset

Goal: To copy a dataset into user’s temporary area and
to inspect dataset features.



Copy 3mall, Round Blue Cell Tumors (FRBCTs) data containing
88 Arrays with 2308 Features to your ternporary area
Classification and diagnostic prediction of cancers using
gene expression prafiling and artificial neural networks.
Ehan J, Wei JS, Ringer M, Saal LH, Ladanyi M, Weste rmarni
I Berthold F, Schwab M, Antonescis CF, Peterson O, Meltzer
P, Natiire Medicine Vol 7, Neagn o, 601-073 (2001)

Copy Bubset of NEIM data containing 60 Arrays with 1626
Features to your temporary area. Includes Feature Property
Filters.

5. After copying the data, you will see the temporary dataset &b&ek link Openon the selected dataset line mAdb Dataset Display

page will be displayed.

1. Open a web browser and type the URL for the mAdb home
page for training class: http://madb-training.cit.nih.gov -

use login on name tent and password on board. Others can
use http://madb.nci.nih.gov (NIAID users
http://madb.niaid.nih.gov) and log in with your mAdb
account.

2. Click themAdb Gatewaylink to access mAdb Gateway
Web page

3.0n the mAdb Gateway Web page, click the Iikdcess
Training/Public Dataset on the bottom of the page. A page
for copying three training datasets will be presented.

4.You can choose to work with either "Small, Round Blue
Cell Tumors (SRBCT) dataset” or "NEJM Dataset". Click
link Copy to copy the dataset into your temporary ¢

Temporary Datasets Created Arrays Genes
Edit Srmnall, Eound Blue Cell Tumors (SRBCTs), Mature Medicine Vol . Aug 26 &:00:00pm 88 2308 Open Refresh
Fdit MNEIM - 3 Classes Aug 26 5:23:18pm a0 1629 Open Refresh

Containing Need Help? --@¢

Questions:

®

1. How many genes and how many arrays do you have in your dataset?
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1. On the mAdb Dataset Display page, review the title
7 Small, Round Blue Cell Tumors (SRBCTs), Nature Medici bar, or the dataset description on top of the page. This
Flle Edit View Favories Tocls Help tells you which dataset you are displaying.

mAdb Dataset Display
Edit Drata for Dataset: Small, Round Blue C'ell Tumors (SRBCTs), Nature Medicine Vol 7, Numn 6, 601-673 (2001)

2.In theDataset Retrieval & Display Optionspanel,
check theShow Array Details at the top of the page
option. Then clickRedisplaybutton. The names and
short descriptions of arrays in the dataset will be
displayed on the top of the page. Look for naming
conventions of the array and then answer the question
below. This information will be used in the next lab.

. tted fi |Eisen Cluster 'l i i i L.
M D@m e After reviewing the array detalils, it is recommended to
|

Dataset Retrieval & Display Options @

uncheck th&show Array Details at the top of the

_ page option. ClickRedisplay to hide the array detai
Redisplay | ¥ Show Array Details at the top of the page
on the top of the page.
Background Color |— None - j Contrast|1-585
Limiting display to Itu 25 genes 'I
I Show Data Values ™ Use Names in Column Heading 3. Check or uncheck other display options of interest,
C Apply log? transform [T Use Description in Column Headin and CIiCkRedispIaybutton to dlsplay or hide the
M Show Gene Symbols ™ Show Map Information relevant information. Uncheckhow Data Values
™ Show UniGene Cluster ™ Show BioCarta Pathways and seBackground Color to None will make it easier
T A e to view other annotations.

3

Questions:

1. How many experiment groups can you identify in this dataset by tming@onventions? Write down the naming conventions
for each group.
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Lab 2. Assigning Group Labels

Goal: To partition arrays into groups according to
experiment design by assigning group labels.



JO,

(2

Filtering/Grouping/ Analysis

Tofls --a¥

/

Choose a Tool |Filter/Group by Array Properties

Interactive Graphical Viewers -@¥

Choose a Viewer |MDS: MultiDimensional Scaling

j and  View

j and  Proceed |

3

GroupA  [ArrayName | [Begins with -] [Ews -
GroupB  [Array Name | |Begins with -] |BL

Group ¢ [Array Name =] |Begins with = N

GroupD [ArrayName -] [Begins with =l [rRms

GroupE  [Array Name x| |Contains R

Expand the number of possible Group Designations to 10, 15, 20 or 26 groups

Bubszet Label: My Grouped Dataset

Cancel

@

In the Filtering/Grouping/Analysis section, choose the
Filter/Group by Array Properties Tool

2.Click onProceed

A new page will be displayed with options for
assigning arrays into groups by the naming convention
of Array Name or Short Description.

3. For the SRBC dataset, use EWS, BL, NB, RMS as
matching patterns. Sele&tray Name andBegins

with from the drop down list for each group. Samples
with name beginning with "Test" are excluded from
the grouped subset.

For the NEJM dataset, use GCB, ABC, and Type as
matching patterns. SeleArray Name andBegins
with from the drop down list for each group.

4.The grouped results are stored as a new subset.
Enter an appropriate label for this subset.

5. Click on Submit. There is no “Waiting” page, the
new grouped subset will be directly displayed when the
Group/Filtering process is completed.
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mAdb Dataset Display

Edit Data for Subset: My Grouped Dataset
from Dataset: Small, Round Blue Cell Tuwmors (SRBCTS), Nature Medicine Vol 7, Numm 6, 601-673 (2001)

Filter/Group by Array Property
88 arrays and 2308 genes in the original dataset
63 arrays and Z308 genes in the output dataset.

Filter/Group hy Array FProperty:

Group A: Array/Set
Group B: Array/Set
Group C: Array/Set
Group D: Array/Set

Mame Begins
Name EBegins
Mame Begins
Name EBegins

with
with
with
with

Tews"
'hl'F
'an

Trms"

Examine the grouped subset through the dataset description and history on tdpatésiee Display pag

Questions:

1. How many arrays are filtered out in the grouped dataset?

2. What are they? Hint use “Array Order Designation/FilteringlT

3. How many arrays do you have in each group? Write down the group designatiesmshfeumor type.

Lab 2. Assigning Group Labels



Lab 3. Generating a Correlation Summary
Report

Goal: To study the correlation of expression data among
samples in the dataset.



Pilterinngfoupinngnalysis;A ¥ /
Choose a Tool | Correlation Summary Report j and Proceed |

Interactive Graphical Viewers --@¥

Choose a Viewer IMDS: MultiDimensional Scaling j and  Miew

Redisplay | Background Color Scheme IGreenN\"hite!RBd j

Zolor Saturation Max/Mid/Min |0.8 |0.6 |0.4 6

| Mote: For proper coloring Max > Mid > Min

®

Verify that the current dataset is My
Grouped Dataset through title bar or dataset
description. (See Lab 1, Dataset display
section for details)

2.In the Filtering/Grouping/Analysis
section, choose theorrelation Summary
Report Tool. (You may have to scroll down
the Tool dropdown list to find it on the
bottom.)

3. Click onProceed

mAdb Correlation Report page will be
displayed with a table of correlation results.

4. Change thdBackground Color Schem:
to Green/White/Red

5. Inspect the values of the correlation tables
and set the values f@olor Saturation.

For SRBCT dataset, use 0.8, 0.6, 0.4. For
NEJM-3 class dataset use 0.3, 0.0, -0.3.

6. Click onRedisplaybutton. Correlation
table will be colored according to the
correlations.

Lab 3. Generating a Correlation Summary Report



1. The image shows part of the correlation table. The color pattesmgressn for good correlations and red for poor correlations.

2. Each correlation number represent a pair-wise correlation aacubetween 2 samples. It can be clicked to display a scatter
plot between the 2 samples. Click on a larger number to display ther stattfor 2 correlated samples.

3.  Click a small number to display a scatter plot for 2 poorly corcesdenples .

ﬂgﬁﬂﬂﬂ“ﬂﬂ
#24 #1S #16 #17 #18 #19 #30 #31 #32 #33 #34 #3S H36 #37 #38 #39 #40 #41 #42 #43
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B3 0EsE) 0751 o708 007830 JOiFEN 0521 0.536 | 0569 0.624 0617 (0538 0618 0643 0593 0623 0623 0639
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EEZEJIBE® 0586 0615 0646 0581 0564 [0S0 0.606 [01523] 0.587 0592 0.586 0.563

BB o710 0644 0666 0.574 0559 0509 0.631 0571 0591 0.588 0.587 0579
E2Xd o654 (0711 0642 0645 [0516 |J0FEEN 0.683 0699 0.671 0.668 0.675
XS] 0522 0515 BBE8N 00 0572 0610 0670 0688 0628

E2Xs] 0677 oss4 0662 0677 0663 0667 0716 0745 0.711

XX 0535] 0776 (0804 0745 0752 (08351108371 0840]
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EZXd 0736 0766 0754 (0991

B 0553 0777

(a2 c [0 1

1. Describe the general color pattern of the correlation table cdkrelation numbers within a group better(more
green) than between groups(more red)?

2. How is the scatter plot of a good correlation different from a platpafor correlation?
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Lab 4. Filtering Data

Goal: To pre-process a dataset for further analysis by
filtering out genes with low variance or with many missing
values.

11



@ @ 1. Use back button on web browser to return to previous

- _ _ Dataset Display page. Verify that the current dataset is
Filtering/Grouping/Analysis Tools™-a¢ / My Grouped Dataset. (See Lab 1, Dataset display section
Choose a Tool |Additional Filtering Options j and FProceed | for details).
_ — 2. Inthe Filtering/Grouping/Analysis section, choose the
Iilzsailye Chphienl Vigsess <7 Additional Filtering Options Tool.
Choose a Viewer |MDS: MultiDimensional Scaling j and  View .
3.  Click onProceed

4. Data Filtering Options page will be displayed with
options for Missing Value Filters and Gene Filters. Be

Bt DR careful to check the "checkboxes" along putting in
@——F Genes: Require values in >= |95 [% of Arrays ~| [—=T7 values in step 4-9,
I Arrays: Reauire values in > [0 [ of Gomes 3] Select the check box f@enes: Require values in >=
Geene Filters-a¢ 6. Set the value t85% of arrays.
- maio[= PO ms=[1 [Amays <] 7.  Select the check box fivariance (Gene Vector)
T Apply Symmetrically percentile
O Ratio>=[2 in>=[2  |Arays  ~|om 8. Set the value=90%
Raio<= 05 [m>=2  |Amays 1] 9. The filtered results are stored as a new data subset.
M Average Ratio[>=[5] 2 Enter an appropriate Label for this subset.
r I 1} . . . . .
YT 10. Click onFilter. Filtering will be performed and the

page, the new subset will be directly displayed when the

— [ Vartance (Gene Vector) percentile =90 a7 . . i
Filtering process is completed.

M Max (Ratic) / Min (Ratio) >=3 : results stored as a new subset. There is no “Waiting”

- Subset Label: IGene>=95%, \ariance >=90%\

Cancel

@®
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mAdb Dataset Display

Edit Data for Subset: Gene==95%, Variance >=90%
from Dataset: Small, Round Blue Cell Tuwmors (SRBCTS), Nature Medicine Vol 7, Numm 6, 601-673 (2001)

The filter input data set contained 63 arrays and Z308 genes.

The filtered output data set contains 63 arrays and 230 genes.

HNo genes excluded for being present in less than 95% (60) arrays.

2078 genes excluded where wvariance is in the lowest 90 percentile (Variance<l.&0).

View the complete History.

This dataset was constructed from the supplemental data posted at
. . Thu Oct 9 17:57:Z1 EDT Z003
1. Review the subset history on top of the Datase

. . : Filter/Group by Array Property
DISp|ay page for the flltenng' 88 arrays and 2308 genes in the original dataset dataset
63 arrays and 2308 genes in the output dataset.

. . . . . Filter/Group by Array Property:
2. Click link History, a new window will popup Group A: Array/Set Name Begins with *ews'

with the full dataset history. Review the t Group B: Array/8et Neme Begins with "bl’

B
Group ©: Array/fet Name Begins with "nb’
Group D: Array/8et Name EBegins with "rms
3. Click output Datasetwill lead you to the T T T T
. . Fri Oot 10 10:35:40 EDT 2003
filtered dataset. Close the new window and retul
H H 63 arrays, 2308 genes in the input Dataset
to the preVIOUS WIndOW' 230 Genes and 63 arrays passed filters
No genes excluded for bheing present in less than 5% (60) arrays.
2078 genes excluded where wvariance i1z in the lowest 90 percentile (Variance<l.a&0).

Link to the output Dataset—@

1. How many genes are filtered out by missing values? How many gernfdtsesed out by variance?

Questions:

Lab 4. Filtering Data 13



Lab 5. Hierarchical Clustering

Goal: To cluster genes and/or arrays with the Hierarchical
Clustering algorithm.

14



Filtering/Groupingl Analysis Todls --@& /

Choose a Tool ICIustering: Hierarchical j anq Proceed |

Interactive Craphical Viewers --@¥

Chaose a Viewer IPCA: Principal Components Analysisj and  Wiew

Hierarchical Clustering Options --@

Sirmilarity/Distance hetric

Genes: ICurrBIatiun {centered - classical Pearsun)j

Arrays: ICurrBIatiun {centered - classical Pearsun)j

Linkage Method: |Average Linkage j

3

Cluster | —-@

Verify that the current dataset is the filtered dataset.
(Gene>=95, Variance>=90)

1. Inthe Filtering/Grouping/Analysis section, choose the
Clustering: Hierarchical Tool.

2. Click onProceed

3. A new page will be displayed with options for
selecting the Similarity/Distance Metric.

4. ChooseCorrelation (centered classical Pearsonjp
cluster both Genes and Arrays.

5. Click onCluster button.

Lab 5. Hierarchical Clustering
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A new page will be displayed for Hierarchical \igw Clusters
Clustering progress. When the analysis
is done, &/iew Clustersbutton is
displayed on top of the page.

A View button should appear abowe when clustering 15 finshed (a link wall also appear at the bottom).

Clustering 15 performed using a dertvative of the Xeluster program developed at Stanford University by

Cavin Sherlock, Head Microarray Informatics.

1. Click theView Clusters_button at the Inifiating Hierarchical Clustering program...
top of the page or th€lick to view
result link at the bottom. Getting size of data...
. . . Reading Data...
2. A new page will be displayed with a Done reading data... _ _ _
thumbnail image of the clustering results Assigning Genes to fentrolds: iteration 1
b=zzigning Genes to Centroids: iteration 2
Converged
Making correlations
]

Done Making Correlations
Clustering genes

Done clustering gehnes
Making correlations

o

Done Making Correlations
Clustering Experiments
10

z0

30

40

50

a0

Done Clustering Experiments
Outputting cdr file

Done outputting

Finished

Click to view result

Lab 5. Hierarchical Clustering 16



Click the thumbnail on the page.

1. A new browser window will open up to display a enlarged heatmap
image, gene trees and array trees.

2.  Check the array tree structure. Check the relationship amomhg all t
tumor groups.

3.  The color bar indicate the grouping information of arrays. Identify
the misclassified samples. Speculate possible explanations.

4.  Click on the gene annotations on the right. A new window will

open up with a feature report page.

Close the Feature Report window. Close the Heatmap display window.
Return to the thumbnail image window.

EWs-T12
EWS-T15
EWS-T14
EWS-T7

3}

RHS-T10
MB-CZ

|
J

EWS-C11:
EWS-Ce

X

EWs-T4 —

iy

RMS-T11—
RMS-C8
RHS-C11
RMS-Td
RMS-T1
RMS-TZ
RMS-T3
EWS-T13
RHS-C4
RMS-CE
RMS-C5
RMS-C7
RHS-C10
RHMS-C2
RMS-C3
RMS-C2
RMS-T7
RMS-TS
RMS-T3
RHMS-TE
NB-C7
MB-C11
HE-CS
HB-C12
MB-CE&
NB-C&
MB-C5
MB-C4
HB-C10
MB-C1
HB-C3
EWS-T1
EWS-T3
EWS-TZ
EWs-C4
EWS-C1
EWS-CZ
EWS-C3
EWS-C9
EWS-C10
EWS-C8
EWS-C7
EWS-T19
EWS-T9
EWS-T11
EWS-TE
BL-C&
BL-C7
BL-CS
BL-C&
BL-C4
BL-CZ
BL-C3
BL-C1

WID 1082655 IMAGE : 135655

WID:1082223
WID:1051201
WID:1081525
WID 1050895
WID:1080876
WID:1051364
WID 1051003
WID:1031686
WID:10G2141

Questions:

IMAGE 144563
IMAGE :512105
IMAGE 1486110
IMAGE :873250
IMAGE 1395708
IMAGE : 813266
IMAGE 11416752
IMAGE 1809624
IMAGE : 343058

1. How do the tumor samples cluster together? Can you find duplicate gahelsister together on the heatmap?

Lab 5. Hierarchical Clustering
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Lab 6. SOM Clustering

Goal: To partition genes into a 2-dimensional topology
using the Self Organizing Map (SOM) algorithm and to
observe genes with similar expression patterns.

18



2
\&J

Filtermg/Grouping’ Analysis Tools -

o

Choose a Tool | Clustering: SOM ~| a4 Proceed

Interactive Craphical Viewers --@#

Choose a Viewer IMDS: MultiDimensional Scaling j and  Wiew |

Data Adjustinent Options --@¢

Mew | kedian Center Genes befare Clustering » _@

Self Organizing Maps Options --@¢

Specify X dimension |4 'l __@
Specify T dimension |3 'l

Murmber of iterations |1UUUUU 'l

Trutialize with Randomized Partition

SOM Elements
Hierarchical Clustering Options --@

Sirmilarity/Distance hetric

Fenes: ICnrreIatinn {centered - classical Pearsun)j—

Arrays: INnt Clustered j

Linkage Method: |Average Linkage j

(6)

Cluster —(Z)

Use the back button of the browser to return to the previous
Dataset Display page. Verify that the current dataset is
the right dataset. (Gene>=95, Variance>=90)

2.In the Filtering/Grouping/Analysis section, choose the
Clustering: SOM Tool

3. Click onProceed
A new page will be displayed with options for SOM.
4. SelectMedian Center Genes before Clustering

5. Set X dimension to be 4 and Y dimension to be 3, number
of iterations to be 100000. Uncheck the checkbox for
Initialize with Randomized Partition.

6. Set the Hierarchical Clustering Options within the SOM
clusters. SelecCorrelation (centered —classical
Pearson)Metric for Genes anblot Clustered for
arrays.

7. Click onCluster button.

A new page will be displayed for SOM Clustering progress.
When the analysis is done\aew Clustersbutton is
displayed on top of the page.

8. Click theView Clustersbutton.

A new page will be displayed with a thumbnail image of the
clustering results

Lab 6. SOM Clustering 19



1. Inspect the spatial relationship among the clusters.

0 1 |2
Zmp C|G Zmp C|G Zp C|G
{0,0) n=42 {0.1) n=18 {0,2) n=41

Zip C|G Zip C|G Zip C|G
(10) n=20 (L.1) n=59 (1.2) n=40

B

2. Click a thumbnail image on the page.

A new browser window will open up to display an enlarged heatmap image and
gene tree of the clicked thumbnail image.

3. Note similar genes and compare expression results.
4. Click on Line Plot View

| Line Plat View

o oo
pai 23
o gl
T
h hh
2 2L
& & =

UID:1082062 || INMAGE:743230 || MENL -- multiple endoc
WID:1082290 || INAGE:20B718 || ANMAL —- ammexin A1=11
uID:1082682 JUNB -- jun B proko-on
UID:1082195 HHPS -- matrix metallo
UID:1081083 FPARG —- peroxisone pr
UID:1082526 FLIOOOOS -- FLJOOGOS p
WID:1081183 BT62 -- BTG fanily, ne
WID:1082594 Homo sapiens cONA FLJL
OD%17 —- DEADAH (Rsp-G
#RHGAP4 -- Rho GTPase
ANgAd —- arnexin Ad
HTO36 -~ hypothetical
G5THS -- glutathione S
TLEZ - transducin-lik
FWTL -- futl=Follicula
FTPNL3 -- protein tyro
SHA3 -- SHA3

Homo sapiens mRNA; cON
H2AFL —- H2A histone #
CRIPL -- custeime-rich

WwID:1081490
WID:1081238
wID:1082287
wIn:1082712
WID:1080578
WwID:1080827
WwID:1082413
WID:1081778
WID:1081976
WID:1082558
wID:1081432
wIn:1080807
WID:1081757
WID:1081758
wID:1081301
wID:1081160
WwID:1082316
wIn:1081217
wIn:1081242
WwID:1081305
WID:1082374
WID:1082375
WID:1080735
wID:1080610
wIn:1081429
wID:1080544
WwID:1082689
wIn:1081552
WwID:1081881

cold shock dom
FKBPB -- FKS0S binding
TP53 -- p53

CYFIPZ -~ pS3 inducibl
HCLSL —- HS1= hematopo
HLA-DMA -- MHC Class T
HLA-DFBL -~ major hist
HLA-DO0AL -~ major hist
Homo sapiens cONA FLJ3
REBLA -- regererating

IFI16 -- IFT16=interfe
MTLL -- metallothionei

c
IMPAZ -- inositolimyo)
wID:1081283 MBSTL -- Glutathione 5
wIn:1081642 SHMTZ -- serine hydrox
WID:1081555 IMAGE :814731 AIP -- aryl hydrocarbo
WID:1081573 IMAGE :824591 HNRPF -- heterogeneous
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Questions:

1. Do genes in the same patrtition show a
similar expression profile? How are the
expression profiles different among
different partitions (2-D topology)?

Lab 6. SOM Clustering

1. Inspect the spatial relationship among the clusters.

2. Click a thumbnail image on the page.

A new browser window will open up to display an enlarged
line plot image and gene tree of the clicked thumbnail

image.

3. Can you interpret the graph?

21



Lab 7. K-means Clustering (Optional)

Goal: To partition genes into K numbers of partitions
using the K-means algorithm and observe genes with

similar expression patterns.

22



1. Use the back button of the browser to return to the
previous Dataset Display page. Verify that the current
dataset is the right dataset. (Gene>=95, Variance>=90)

Expand this Dataset 2. Click Iin!< Expand j[his Datasgtabove the .
Access Datasets in your Temporary area Filtering/Grouping/Analysis Tools section.

Filtering/Grouping/Analysis Tools --@

- — : Broceed You will then be presented an expanded dataset selection
Choose a Tool | Additional Filtering Options =] g _Proceed | page. You will find the dataset and all the subsets you

saved from previous analysis.

3. Click link Openopen My Grouped Dataset. A mAdb dataset display page will be preseryimal tK-
means clustering will be performed on the full grouped dataset to showfdsmence speed

advantage.
Label Origin Created Arrays (Genes
Edit Small, Round Blue Cell Tumors (BRECTs), Mature Medicine Vol . Dataset  Aug 26  6:00:00pm 28 2308 Open
Edit My Grouped Dataset Subzet Ot 09 5:57:Z0pm 63 2308 Open
Edit CGene»=95%, Variance ==90% Subzet oot 10 10:35:34am 63 230 Open

Lab 7. K-means Clustering 23
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(2

Filtering/Grouping/Analysis T%]Ié’

Choose a Tool |Clustering: Kmeans

/

3] e [Proret |

Interactive Graphical Viewers --@¥

Choose a Viewer IMDS: MultiDimensional Scaling

j and | Wiew

Data Adjustinent Options --@¢

new | hedian Center Genes befare Clustering +

Emeans Clustering Options --@¢

Specify Number of Nodes |12 'l
Maximum Mumber of iterations |100 'l

Emeans Nodes
Hierarchical Clustering Options --@¢

Similarity/Distance Metric

Genes: ICurreIatiun {centered - classical Pearsnn)j i

Arrays: INut Clustered j

Linkage Method: IAverage Linkagej

Cluster |

3

_@
_@
_@

1. In the Filtering/Grouping/Analysis section,
choose th&€lustering: Kmeans Tool.

2.Click onProceed.

A new page will be displayed with options for
Kmeans Clustering.

3. SelectMedian Center Genes before Clustering

4. Specify Number of Nodeso be 12. Set
Maximum Number of iterations to be 100.

5. Set the Hierarchical Clustering Options within
Kmeans Nodes. SeleCorrelation
(centered —classical Pearsoripr Genes and
Not Clustered for arrays

6. Click on Cluster button.

A new page will be displayed for Kmeans
Clustering progress. When the analysis is
done, aView Clustersbutton is displayed on
top of the page.

7. Click theView Clusters button.

A new page will be displayed with a thumbnail
image of the clustering results.

24
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1. Inspect the thumbnail images for the expression patterns
within the clusters (Only 6 out of 12 clusters are

displayed here).

2. Click thumbnails of interest on the page.

A new browser window will open up to display an
enlarged heatmap image and gene tree (not shown
here) of the clicked thumbnail image.

3. Close the Heatmap display window. Return to the

thumbnail image window.

Questions:
1. Are the expression profiles different among different partitions?
2. Can you interpret the expression profile of a given gene?

Lab 7. K-means Clustering
25



Lab 8. PCA

Goal: To explore the data structure of the dataset using
Principal Component Analysis (PCA).

26



Filtering/Grouping/Analysis Tools @& 1. Verify that the current dataset is the filtered dataset.
Choose a Tool |Additional Filtering Options j and Proceed | (Gene>:95’ Va“ance>:90)

2.In thelnteractive Graphical Viewers section, choose
the viewer PCA: Principal Components Analysis.

Interactive Graphical Viewers --@

Choose a Viewer |PCA: Principal Components Analysisj and  View

@ @ 3. Click onView button.
A new window, PCA Options, will be displayed with

options for the PCA Analysis .

@ 4. Select to perform PCA oArrays.
Genes
I

Performm PCA o 0 A . . . .
e 5. Select Dispersion Matrix dEovariance

Dispersion Matrizz ¢ Correlation ' Covariance

6. Click Continue button

Mote: Imputing of missing walues 15 not yet availahle.
Genes with missing values are disgarded from the PCA calculations. A new pagewaiting for PCA, will be dlsplayed When

PCA analysis is done, a summary and a new button,

@_ PE—— | p—— | 3D Viewer will be displayed on the page.

7. Click 3D Viewer button.

FCA was performed on 63 arrays and 230 genes.
o genes contained a missing value.

i | . uestions:
Froceed to the 3D Viewer Q

. 1. How many genes are used in PCA analysis?
(Genes with missing values are not used in PCA)

Lab 8. PCA 2!



I
PCA Arrays - 48.9% of Vaniance -

1. Check the percentage of Variance represented in the 3D
plot. Does it capture a large percentage of total

variance?
Reset
MNode Colar )
Background 2. Click theX, Y andZ buttons to rotate the 3-D plot.
Legend Look for clustering /separation of data. Clistop
[ Box ™ Scale button.

" Black ® ‘White

3. Click and Drag the mouse to highlight an area of the 3 D

plot. Data points in the area will be displayed in the
Rotation text area below the plot.
fros: ,Tﬂ
- 4. Click the link Details on the bottom of the 3D viewer.
v <

A new pagePCA details, will be displayed with 4

o | additional plots from PCA analysis. See next page
for more description of the PCA details p:

Name Description (Group: |

EL-C1 [Group: E)

BL-C3 [Group: E)

EL-C4 [Group: BE)

Display List | Feature Report | | Questions:

Detals Click to close .. 1. What is the percentage of variance represented in the

@ @ first three components?

2. What is the color-coding for each group of samples?

Can you see a separation of different groups in 3D
plot?
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1. The Scree Plot displays the Variance for individual

1 components. Click on the plot will display a new
page with an enlarged image.

mAdb PCA Details

2. The PDF (Portable Document Format) or PNG (Portable
A R — Campanent s Campane Network Graphics) links under each figure can be
used to display or save a larger image of the figure.
You can also save a larger image as Encapsulated
PostScript using the EPS link

Wil

3. The other three plots shown are 2-D plots for each
combination of the first 3 components.

@_ Above as EFS, PR, PG Above as EFS, PR, PG 4. The Retrieve button will retrieve. the data bagk to your
local computer. Several options are available. We
do not need to retrieve data for this Lab.

Campanent! ¥x Campanentd Campanent: Vs Campanentd

5. Click the linkClick to Closeto close the viewer. This

E > will allow you to go back to the starting dataset
. display page.
g
Ahove as EPS, PDF, PHNG Ahove as EPS, PDF, PHNG
Switch to White Background Images
Retrieve | |3D Coordinates j T IMS—ExceI 'I QuestionS'
Click o close

1. In the scree plot, identify where the slope of variance
flattens out (the scree point).
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Labs for course #412

Analyzing Microarray Data using the mAdb System
July 15-16, 2008 1:00pm- 4:00pm

® First, look at the questions on the bottom of each page. Write down
the answers while going through the steps on the page.

® Keep the browser NOT maximized so multiple windows can be
distinguished.

Day 2

30



Lab 9. Performing an ANOVA analysis

Goal: To identify differentially expressed genes using class
comparison statistical tools.

31



1. Onthe mAdb Gateway Page, Click on
Choose one or more Projects, select a Tool and Continue -
or access previously extracted data located in training01's: Temporary area to Open a list of your
Temporary \area Datasets stored in this area.
Containing Need Help? --@¢ Gene Information
Temporary Datasets Created Arrays  Genes Refreshed
e Small Round Blue Cell Tumors (SEBCTs), Mature Medicine Wol ... Lug 26 6:00:00pm 88 2308 Open Ezpand (1) Refresh Lug 26 6:00:00pm
Bir MEJTM - 3 Classes lug 26 5:23:18pm 60 1629 Open Expand (1'\Refresh Aug 26 5:23:15pm
Containing Need Help? --@¥
Lahel Origin Created Arrays  Genes
mar  Small Round Blue Cell Tumors (SRBCTs), MNature Medicine Vol ... Dataset Aug 26 6:00:00pm 88 2308  Cpen
mar My Grouped Drataset Suhzet  Oct 16 2:1Z:33pm 63 2308 Open History

2.

Click on theExpand for the “Small Round Blue Cell Tumors (SRBCTSs)...” (dryou are using the

other dataset, Expand for the “NEJM — 3 Class@sppen the list of Subsets for this Dataset.

3.

Lab 9. Perform

Click on theOpenfor the “My Grouped Dataset” subset.

iIng an ANOVA analysis -



Filtering/ Grouping/ Analysis Tools -

Choose a Tool | Group Camparison (Hest, AMOYWA Wilcoxon, ) (¥ | and

Interactive Graphical Viewers --@¢
Choose a Viewer | MDS: MultiDimensional Scaling | and

Statistical Comparison Analysis --@¢

Multiple Croup Companison: | One way ANOVAj —

Drataset Properties --@¥

Subset Label: IANOVA Results

Proceed |

_@
_@

NG,

In the
Filtering/Grouping/Analysis
section, choose theroup
ComparisonTool

Click onProceed

A new page will be displayed
with options for the statistical
comparison analysis. Since this
dataset has more than two
groups, only the Multiple Group
Comparison options for more
than two groups will b
available for selection.

SelectOne way ANOVA

Analysis results are stored as a
new subset. Enter an appropriate
Label for this subset.

Click onProceed

Lab 9. Performing an ANOVA analysis
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mAdb Waiting for Multiple Group Comparison

Please wait for completion.

Waiting

Done! Please click Continue |

@

This page momtors the progress and allows you to continue when the results are available.

The three columns, p-Value, Difference
and Groups display results from this
analysis.The -Value is the One we
ANOVA calculation. The Difference
displays the largest difference between
group means--this calculation is
independent of the ANOVA calculation.
The Groups identifies the two groups
having this largest mean difference. The
default order of the data is from smallest
to largest p-Value.

Note that “Show Data Values” has been
unchecked for the display shown here.

Lab 9. Performing an ANOVA analysis

¥ p-Value
™

Groups

A “Waiting” page is displayed while the
analysis is being performed. When the
analysis is completed, the continue
button is displayed.

1. Click onContinue. A mAdb
Dataset Display page, displaying
the newly created subset which
contains the ANOVA analysis
results will appear.

¥ Difference

Sawe a Feature Property List (used with the Feature Properies Filtering tool).

* Records 1 to 25 of 2308 total records displayed.

+ +

p-Value
9. A27he-22

3.488e-20
2.5008e-19
2.5733e-18
1.445%-17
5. FM03e-17

8. 728e-17
1.3957e-16
4.1114e-16

+ +

+ +

Difference Groups

4.11
299
359
259
278
2,89
314
395
4.03

A-B
C-D
A-B
A-C
C-A
A-B
C-BE
D-A
A-B

+ + + o+ + + + +

Well ID Feature 11} Gene Drescription

1081848 IMAGETI0394 FCGRT  Fc fragment of oG, receptor, tra
1082414 IMAGE 754224 FGFR4 FGFR4=Fibroblast growth factor
1080705 IMAGE37T7461 CAVI caveoln 1, caveolae protem, 22k]
1082413 IMAGES14260 FWVTI fwt1=Folicular lymphormna varant
1081462 IMAGETIA258 SGCA sarcoglycan, alpha (50kDra dystre
1081004 IMAGE: 1435862 MIC2 antigen identified by monoclonal :
1081653 IMAGESS9359 PIG3 quinone ozdoreductase homolog
1082509 IMAGE: 295885 clone IMAGE4538214=FLJ2065
1080566 IMAGES365826 GAS] Growth arrest-snecific 1
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YORPS

Filtering/Grouping/Analysis Tools -0 / / 1. In the Filtering/Grouping/Analysis
Choose 2 Tool |Statistics Results Filtering <] wq Proceed | section, choose thgtatistical Results
Filtering Tool

Interactrve Graphical Viewers --@¢ 2. Click onProceed

Choose a Viewer IMDS: MultiDimensional Scaling j and | View | A new page will be displayed with the
; options for filtering the statistical
results.
3. Checkthe box to the left oOne way
Check boxes on the left to activate specific filters ANOVA p-value, select <=*and
v enter the p-value @&000001or 1le-7.
M One Way ANOVAp-value |<= =l [1e7 -—@ 4. The filtered results will be stored a
new subset. Enter an appropriate Label
r Group mean Difference I:’= :l' IU for this subset.
5. Click onFilter. Filtering will be
Subset Label: [Filtered ANOVA p<=1e-7 @ performed and the results stored as a
(Optional) new subset. There is no intermediate
; “Waiting” page, the new subset will be
@ Filter _Gancel | directly displayed when the Filtering

process is completed.

Questions:

1. How many genes are there in the filtered dataset?

Lab 9. Performing an ANOVA analysis 35



W p-Value ¥ Difference

In order to facilitate later comparison/filtering M Groups

of these results with other results, we will save
this result as a Feature Property List Save a Feature Property List (used with the Feature Properies Filtering tool).

_ Records 1 to 25 of 388 total records displayed.

& 5 & 5 2 0B & & 2 O 2 O & 5
p-Value Difference Groups Well IDx Feature ID Gene Description
9.6276e-22 411 A-B 1081848 IMAGET/03%4 FCGRT Fc fragment of [gG, receptor, tre
3.458e-20 299 C-D 1082414 IMAGETTE4224 FGFR4 FGFR4=Fibroblast growth factor
2.5008e-19 3.59 A-B 1080705 IMAGE3ITHMAl CAV] caveoln 1, caveolae protein, 22k
2.5733e-18 2.59 AT 1082413 IMAGES14260 FVT1 Brtl=Follicular rmphoma wariant
1.4458e-17 276 C-A 1081462 IMAGE 96258 &BGCA sarcoglycaty, alpha (50kDa dystr
5.7703e-17 2.89 A-B 1081004 IMAGE: 1435862 MICZ antigen identified by monoclonal
2.728e-17 314 C-B 1081653 IMAGE:859359 PIG3 quinone oxidoreductase homolog
1.3957e-16 395 D-A 1082509 IMAGE: 295985 clone IMAGE4538214=FLI204!
@ 4.1114e-18 4.03 A-B 1080568 IMAGE 365826 GAS] Growth arrest-soecific 1
BB Rl LI =7 1. Click on Save a Feature Property List.
Save a List of [mAdb Well IDs El A new page will be displayed with the options
for the Saving a Feature Property List..
Store the List as: IGInhaI {Available in all Datasets) j -

_ 2. SelecmAdb Well IDS
List Label: [SRBCT ANOVA p<=1e-7 \
[T Overwrite any existing list with the same labe \@ 3. SelecGlobal (Available in all Datasets)

4. Enter an appropriate label to identify this

Sapis | N List

@ 5. Click onSave

Lab 9. Performing an ANOVA analysis 36



A page indicating that the List was successfulbyesx

and summarizing information about the list will be

Action: Saved New global List d|sp|ayed
Type: Well ID

Labeled: SRBCT ANOVA p<=le-7

Containing: 141 unigque, non empty elements

_ 1. Click onContinue. This will return you back to the
To return to the dataset/subset click _ <ontinue | Data Dlsplay Page_

Successfully stored the list.

Lab 9. Performing an ANOVA analysis
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Lab 10. Using SAM

Goal: To evaluate statistically significant genes and determine
the False Discovery Rate (FDR).

38



Choose one or more Projects, select a Tool and Continue
or access previously extracted data located in training01's:
Temporary area

AN

1. Onthe mAdb Gateway Page, Click on
Temporary area to open a list of your

Datasets stored in this area.

Temporary Datasets

Exr  Small Found Blue Cell Tumors (SEBCTs), Nature Medicine Vol . .
e MEJM - 3 Classes

Label
mar  Small Round Blue Cell Tumors (SRBCTs), MNature Medicine Vol ...
mar My Grouped Drataset

2.

Containing Need Help? --@¥ Gene Information
Created Arrays Genes Refreshed
Aug 26 6:00:00pm 28 2308 Ogpen Expand (1) Refresh Aug 26 6:00:00pm
Aug 26 5:23:18pm a0 1629 Open  Expand (1)\ERefresh fug 26 5:23:18pm
Containing Need Help? --@¥

Origin Created Arrays Genes

Dataset Aug Z6 6:00:00pm 88 2308 Open

Suhzet  Oct 16 2:1Z:33pm 63 2308 Open History

Click on theExpand for the “Small Round Blue Cell Tumors (SRBCTSs)...” (dryou are using the

other dataset, Expand for the “NEJM — 3 Class@sppen the list of Subsets for this Dataset.

3.

Lab 10. Using SAM

Click on theOpenfor the “My Grouped Dataset” subset.
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1. Inthe Filtering/Grouping/Analysis section, choose
__ _ _ theFilter/Group by Array Properties Tool
Filtering/Grouping/Analysis Tg#ls --@%
Choose a Tool |Filter/Group by Array Properties ~| ang _Proceed | 2. Click onProceed
Tteractive Graphical Viewers ~@¢ A new page will be displayed with options for
Choose a Viewer |MDS: MultiDimensional Scaling j and  View assigning arrays Into groups by the naming
— convention ofArray Name or Short Description.

/@ 3. Forthe SRBC dataset, use BL and NB as matching
BL

Growp A | Array Name v |Begins with 3 patterns. Seledirray Name andBegins withfrom
GrowB | Array Name v [Bogins with 3 N the drop down list for each group.
Crowp©  [Array Name 3 [Contains 3 For th_e NEJM dataset, use GCB and ABC( _
matching patterns. Selestray Name andBegins
Group D | Array Name v| | Contains v with from the drop down list for each group.
GroupE  |Array Name ¥ | |Contains ke 4, The grouped results are stored as a new subset. Enter
Ezxzpand the number of possible Group Designations to 10, 15, 20 or 26 groups. an appropriate |abe| for thls SUbSEt-
Subset Label | Two groups for SAM - BL and NB only] 5. Click onSubmit. There_ls no _Vvaltlng_ page, the
new grouped subset will be directly displayed when
e the Group/Filtering process is completed.

Lab 10. Using SAM
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Filtenng/Grouping/ Analysiz Tools --@F 1 In the

Choose a Tool | 3AM: Significance Analysis of Microarrays | and FiItering/Grouping/AnaIysis
section, choose tHeAM:

Significance Analysis for
Microarrays Tool.

mAdb SAM Options 2. Click onProceed.
3. Click onSAM help.
SAM help--a¢
(:) 4. Select SAM options to
*** Notice *** Removemissing values, to
perform500permutations,

By default, any genes with missing values are removed for AN analysis. and seYesfor a fixed
Currently you can chose to replace those missing values wath row mean values. random seed.
& mbde "Missing Value fnputation” tool 15 final testing and 15 expected to be
available soon, which offers more option for handing mizsmg values. 5. Click onContinue.

Number of permutations:

Use a fixed random seed (reproducible results): | ves ¥ /

Handling Missimg Values: |Femove e \
R00 » @

Lab 10. Using SAM H



SAM Analysis is initiated and

a “waiting” page is displayed.
When the Analysis is

complete, an analysis summary
and a button to continue to the
next step appear on the page.

oakd Step 2

1. Click on SAM Step2

Questions:

1. How many genes contain missing values?

Lab 10. Using SAM 45



Clicking on a Delta value to create a new subset or on a inage icon to generate the corresponding SAM plot,

v

Delta

01
0z
03z
0.4
0.5
0.é
0.7
0.g
0%
1.0
1.1
1.2
13

15
&
@
18
1.9
2n
2.1
22
23
2.4
2.5
26
27
2.8
2.9

ot mput a Delta value at the bottom and Click "Create Subset”.

#of Sig.  # of False

Definrx FOR

Dol w Sgniioerm Geres

Fumbs oFSEgnicant S

Genes  Positives FDR®
2020 719.87 03564
15946 £46 87 03324
1776 50557 02847
1605 376,30 02345
1374 25276 0.1840
11534 171.35 01435 ;
1077 118.13 01087 E’

529 FERV: 0.0830
829 51.30 00519
735 34.15 0.0465
654 22.35 00342
587 14.92 0.0254
504 816 no1gz
428 554 n01ze
270 353 0.0085
240 245 0007z
287 1.40 0.004%
267 056 0.0036
245 0.&4 0.0026
232 042 nools
218 0.z8 0001z
197 n.z0 0.0010
182 013 0.0007
176 0.oR 0.0005
168 007 0.0004
157 n.o4 0.000=
142 003 0000z
135 ooz 0.000z2
125 n.o2 0.0001

FDR: (# of False Posttives){# of Sig. Genes)

Cmaved difl vabim

Above as EPS, PDF, PNG

SAWFiaiior Detim= 1

a
e

[y, ?‘
a

EH

-0 -4 -a 4 =2 oD 2 4

Expuctad o] valuea

Abowe as EPE, PDF, PN

Lab 10. Using SAM

The SAM results are displayed as a table
and three graphs. The table shows the
number of significant genes, the number
of false genes and the false discovery
rate (FDR) for each Delta. You can
create a subset containing the genes
corresponding to one of the models by
either clicking on a Delta value or
entering a Delta value in the text box and
clicking the “Create Subset” button.

The top left graph plots the Delta vs. the
FDR. The top right graph plots the Delta
vs. the number of significant genes.

The lower graph plots the observed d(i)
vs. expected d(i), with a delta cutoff tt
generates the biggest FDR that is smaller
than 0.05.

Click on animage iconwith a low FDR
(new window pops up.)

Click on aDelta with a low FDR.

Questions:

1. How many genes do you have for this
Delta?

2. What is the FDR for the Delta?
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EEOD0OOOOOEEOO

=how Data Values

Apply log? transform

Show Gene Symbols

Show TmGene Cluster
show KEEGG Pathways
Show GO Tier 2 Component
sShow GO Tier 2 Function
Show GO Tier 2 Process
show Gene Descrniption
“how Average(LogZ2 Ratio)

=how Wariance
d.value
o walue

EEOO

ooooo

Tze Mames in Column Heading
e Dezcription in Column Heading
Show Map Information

Show BioCarta Pathways

Show GO Tier 3 Component

Show GO Tier 3 Function

Show GO Tier 3 Process

Show GO Terms

Show MazLog2 Ratie)-IWin(Log2 Rato)

Stand. Demation
Fold Change

Save a Feature Property List (used wath the Feature Properties Filtering tool).

- Eecords 1to 25 of 370 total records displayed.

+ 4+

d.value
-12.1298
-11.8436
11.7632
11.075%
97225
9.5226
9.5000
94193
9.2278
9.1644
-8.8426
8.6579
B.1327

+

+ 4+

0.2684 0
0.3205
0.2149
0.2100
0.2372
0.2314
0.3766

0.2283
0.3089
0.21&67
0.3444
0.3580

0
0
0
0
0
0
0.3259 0
0
0
0
0
0

+ +

Stand. Deviation q.value Fold Change

00518
0.0384
123195
107428
91553
83336
18.2186
12,8741
777811
14.6853
01633
11.1201
11.4530

+ + + + + 4+

Well I Featmre T Map
1081305 INAGE:183337 6p2l.3
1082374 DWMAGE:R40342 6p2l.3
1081310 INMAGE:S63673  5q31
1081326 IMAGETR4593 2233
10818686 IMAGES04791 6pla ]
1082121 DMAGE: 377048 2q12-q34
1082060 INWAGE629396 5ql13
1081201 IMAGE:B12105 1921
1082481 IMAGE:Z204545 2pl31
1080655 IWMAGEETS280 d4dple l-pld
1081617 IMAGE:B14526 20g13.31
1081525 IMAGE4R6110 3925 1-g25.2
1082603 TWMAGE: 308231 2gl2-g34

« A mAdb Dataset Display
page, displaying the newly
created SAM subset
appears.

* Note thatShow Data
Valueshas been unchecked
and theBackground Color
has been set to None for the
display shown here.

+ 4+ + +

TmGene Gene
Hs 77522 HLA-DIIA
H:514 HLA-DEB1
Hs 74294 ALDHIAL
Hs 6328 ARHE
Hs 169907 GSTA4
Hs 121576 MYO1B
Hs 102042 MAPIE
H: 75823 AF1Q
Hs 8966  TEME
Hs 155392 CRIP1
Hs 236361 ENFC1
Hs 81747 PFMZ
Hs 121576 MTO1B
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Lab 11. Using PAM

Goal: To evaluate shrunken centroid prediction models and
identify sets of genes that best classify sample types.

45



1. Onthe mAdb Gateway Page, Click on

Choose one or more Projects, select a Tool and Continue

Or access p;eviously extracted data located in training01's: Temporary area to open a list of your
EfMporary area . .
N Datasets stored in this area.

©

Containing Need Help? --@¥ Gene Information
Temporary Datasets Created Arrays Genes Refreshed
e Small Round Blue Cell Tumors (SEBCTz), Mature Medicine Wol .. Aug 26 6:00:00pm 38 2308 Open Ezpand (1) ERefresh &ug 26 6:00:00pm
pir MEJM - 3 Classes Aug 26 5:23:16pm 60 1629 Open  Expand (1)\ERefresh fug 26 5:23:18pm

Containing Need Help? --@¢

Lahel Origin Created Arrays (Genes
mar  Small Round Blue Cell Tumors (SRBCTs), Mature Medicine Vol . Diataset  Aug 26 6:00:00pm 83 2308  Open
e My Grouped Dataset Subset Oeon 16 Z:1Z2:33pm 63 2308 Cpen  History

2. Click on theExpand for the “Small Round Blue Cell Tumors (SRBCTSs)...” (dryou are using the
other dataset, Expand for the “NEJM — 3 Classésppen the list of Subsets for this Dataset.

3. Click on theOpenfor the “My Grouped Dataset” subset.

Lab 11. Using PAM
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Fitering/Groupingf Analysis Tools - / / 1. In the_F|Iter|ng/Grouplng/AnaIy_S|§
section, choose tHeéAM: Prediction
Choaose a Toaol IPAM: Prediction Analysis for Micruarraysj and | Proceed | AnaIySis for I\/Iicroarrays Tool.
Interactve Graphical Viewers --{0¢
Chonse a Viewer IMDS: MultiDimensional Scaling j and | View | 2. Click onProceed

PAM Analysis is initiated and A “waiting”
page is displayed. When the Analysis is

mAdh: Waiting for PAM complete, an analysis summary and a button
to continue to the next step appears on the
This page monitors the progress and allows you to continue when the results are available. page_
Please wait for completion.
valting ... 3. Click onPAM Step2

PAM Step 1: Training/Cross Validation Done!

PAM § Fold Training and Cross Validation was performed on 63 arrays and 2308 genes.
No Genes contained missing values, no values were imputed.

Proceed to the PAM Step 2

Questions:
1. How many fold of Training and Cross Validatioasyperformed?

2. How many genes contain missing values? How maisging values are imputed for the dataset?

Lab 11. Using PAM 4t



The PAM results are displayed as a tablg
and two graphs. The table shows the

Clicking on a Delta value creates a new data Subset or enter

w

a Delta value at the bottom and Click "Create Subset”.

Shrinkage Delta (** indicates those
having minimum misclassification error),
number of genes in the model and the
misclassification error based on the K-
fold cross validation. You can create a
subset containing the genes correspond
to one of the models by either clicking or]
a Shrinkage Delta value or entering a
Delta value in the text box and clicking
the “Create Subset” button.

The top graph plots the misclassificat
error (with error bars) versus the
Shrinkage Delta (bottom axis) and the
number of Genes (top axis).

The lower graph plots the

misclassification error for each group
versus the Shrinkage Delta (bottom axis]
and the number of Genes (top axis).

Shrinkage
Delta
0.000
0262
0524
0786
1.045
1.309
1.571
1.833
2095
2357
2619
2.8B1 *=
3.143 **
3.404 **
3.666 **
3028 %=
4.100 **
4.452 **
4714
4,976
5238
5499
5.761
6.023

A 285

6. 547
6509
FAL

—

# of Misclass.
Genes Error
2308 0.032
2289 0.032
2145 0.032
1878 0.032
1494 0.032
1137 0.032
853 0.016
609 0.016
436 0.016
330 0.016
244 0.016
193 0.000
151 0.000
107 0.000
87 0.000
a8 0.000
52 0.000
30 0.000
32 0.016
23 0.063
21 0143
16 0.238
11 0.238
1a 0.286
9 0.317
7 0.333
5 0.397
4 0.508

Create Subset

0a

06

SROE

1454 ane 9% a7 389 21 10 F 4 0
1 S Y |

-
E
wi
=
.% =
R
R
= o=
T T T T 1=
= | S,
=
T T T T
[a] = 4 =]
Walue of threshold
Abowe as EPS, PDF, PHNG
ZROE 1454 4368 195 A7 o= 21 10 7 4 0O
N A T
= | — A
e = B
= —
S = e
-
-]
£
7z
=
B
=
ok
=
= 4 . e
=
T T T T
[a] =] 4 8

Value of threshold
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1. Click on a Shrinkage Delta
having a minimum
misclassification error.

Questions:

1. How many genes do you have in
the model ?

2. What is the Misclassification
Error percentage for the model?

Clicking on a Delta value creates a new data Subset or enter
W a Delta value at the bottom and Click "Create Subset",

Shrinkage
Delta
0.000
0262
0524
0786
1.045
1.309
1.571
1.833
2095
2357
2619
2.8B1 *=
3.143 **
3.404 **

3.660 **
3.028 **
4.190 **
4.452 **
4714
4,976
5238
54599
5.781
G023
0285
0. 547
f.509
A

—

# of
Genes
2308
2289
2145
1878
1494
1137
853
609
436
330
244
193
151
107
87
a8
52
30
32
23
21
16
11
1a

9

7
5
4

Misclass.
Error
0.032
0.032
0.032
0.032
0.032
0.032
0.016
0.016
0.016
0.016
0.016
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.016
0.063
0143
0.238
0.238
0.286
0.317
0.333
0.397
0.508

Create Subset

=05 1454 436 19m  &Y ¥ 21 1 ¥ 4 0O
1 S Y |
=
=
L)
2
-
E
wi
=
.% =
R
R
= o=
T T T T 1=
P PO o s s s s - e e e
=
T T T T
[a] = 4 =]
Walue of threshold
Abowe as EPS, PDF, PHNG
ZROE 1454 438 195 &Y M 21 10 7 4 0O
N A T
= | — A
. = — B
= —
S = e
-
-]
£
7z
=
B
=
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=
= 4 . e
=

Value of threshold
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A mAdb Dataset Display
page, displaying the newly
created PAM subset
appears.

The columns A Score, B
Score, ... contain the
shrunken differences for
each group. Non zero
values can be used to infer
which group or groups a
gene’s expression value
distinguishes.

Note thatShow Data
Valueshas been unchecked
and theBackground Color
has been set to None for the
display shown here.

¥ A Score
V¥ C Score

¥ E Score
¥ D Score

_ Records 1 to 25 of 87 total records displayed.

Save a Feature Property List (used with the Feature Properies Filtering tool).

+ +

+ +

A Score B Score

0.6527
-0.0428
-0.1131

0.0000
-0.5856

05773

0.0000

0.0000

0.0000

-0.1732

0.0000
0.0000

-0.6184

0.0000
0.0000

-0.5739
-0.5527

0.0000

+ +

C Score
0.0000
06346
06248
0.000a
0.0000
0.000a
0.0000
0.000a
0.5420

+ +

I Score
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00oon
0.0000
0.0000

+ +

Well ITx
1081848
1082414
1080646
1082657
1082509
1080705
1082451
1081310
1080965

+ +

Feature ID}
[MAGE 7703534
[MAGE 784224
[MAGE: 296448
[MAGE: 212542
[MAGE: 295985
[MAGE3Fi461
IMAGE: 204545
[MAGESA3673
[MAGE: 207274

Lab 11. Using PAM

+ +

Gene
FCGRT
FiGFR4
IGF2

CAV]
TEME
ALDHTAL

+ +

Description

Fc fragment of [gG, receptor, transg
FGFR4=Fibroblast growth factor re
Insulin-like growth factor 2 (somatm
Homo sapiens mRENA, cDNA DEF
clone IMAGE45382 14=FLJ20653
caveolin 1, caveolae protein, 22kDa
tumor endothelial marker &
aldehyde dehydrogenase 7 family, 1
Homo sapiens cDMNA: FLIZ2066 fis,
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In order to facilitate later B A Score F B Score
comparison/filtering of these results M C Score M D Score

with other reSUItS, we will save this Sawe a Feature Property List (used with the Feature Properies Filtering tool).

result as a Feature Property List. N
Records 1 to 25 of 87 total records displayed.

+ + + + + + + + + + + + + +
1. Click on Save a Feature Propert
. A Score B Score C Score D Score Well ID Feature ID Gene
List. 06527 -0.1732 0.0000 0.0000 1081848 IMAGCE7703%4 FCCRT
_ _ _ 00429 0.0000 06346  0.0000 1032414 IMAGE784234 FOFR4
A new page will be displayed with the 04131 0.0000 06248  0.0000 1080646 IMAGE29644% IGF2
options for the Saving a Feature 0.0000 -0.6186  0.0000  0.0000 1082657 IMAGCE213542
. 05856  0.0000 0.0000 0.0000 1082500 IMACE295985
Property List.. 05773 00000 0.0000  0.0000 1080705 IMAGE3TH6] CAVI

00000 -0.573%  0.0000  0.0000 1082431 IMAGE: 204545 TEME
n.oooo -0.5%27  0.0000  0.0000 1081310 IMAGE:>63673 ALDH7AL

@ 0.0000  0.0000 03420 0D.0000 1080%68 INAGE:207I74

Feature Property List W/

Save a Last of ImAdh Well IDs j

Store the List as: IGIuhaI {Awvailable in all Datasets) j ——@
List Label [SRBCT - 87 Gene PAM Model
[T Owerwrite any existing list with the samm\@

Save

SelecmAdb Well IDS

o M 0D

Click onSave

Lab 11. Using PAM

+ +

Description

Fc fragment of [gG, receptor, transy
FGFR4=Fibroblast growth factor rec
Insulin-like growth factor 2 (zomatm
Homo sapiens mEMNA; cDNA DEF
clone IMAGE 45382 14=FLJ20653
caveohn 1, caveolae protemn, 22kDa
tumor endothelial marker 8
aldehyde dehydrogenase 7 famuly, 1
Homo sapiens cDMA: FLIZ2066 fis

SelecGlobal (Available in all Datasets)

Enter an appropriate label to identify this List
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Lab 12. Applying Hierarchical Clustering
to the PAM Model

Goal: To use Hierarchical Clustering to explore a PAM
Model.
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1. Onthe mAdb Gateway Page, Click on

Choose one or more Projects, select a Tool and Continue

Or access p;eviously extracted data located in training01's: Temporary areato open a list of your
EfMporary area . .
N Datasets stored in this area.

©

Containing Need Help? --@¢ Gene Information
Temporary Datasets Created Arrays  Genes Refreshed
e Small Round Blue Cell Tumors (SEBCTs), Mature Medicine Wol ... Lug 26 6:00:00pm 88 2308 Open Ezpand (1) Refresh Lug 26 6:00:00pm
gt MEJM - 3 Classes Aug 26 5:23:15pm a0 1629 OpenN\Expand (1) ERefresh Aug 26 5:23:18pm

2. Click on theOpenfor the “Small Round Blue Cell Tumors (SRBCTSs)...” (bryou are using the
other dataset, Expand for the “NEJM — 3 Classes”)
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/: /@> 1. In the Filtering/Grouping/Analysis

e / / section, choose tHeeature
tetit Ut s18 Tools - . . .

PR Property Filtering Options Tool
Choose a Tool IFBature Property Filtering Options j and Proceed |

2. Click onProceed

Interactive Graphical Viewers --@¥ A new page will be dISplayed with
B B Ve IMDS: MultiDimensional Scaling j and | Miew | Optlons for the Feature PfOperty
Filtering.
3. Check, Include Onlywhere Well
Check hoxes on the left to activate specific filters ID is in Feature List saved in
v previous Lab (SRBCT — 87 Gene
r IEXClUdB 'l Designated Housekeeping Genes PAM Model for SRBCT dataset )
I [include only =] Designated Control Features 4. Enter an appropriate Label for the
Subse

r Ilnclude only 'I where Well ID = |1080464
r Ilnclude only 'I where |12345 =< Well ID <= |1040?15
W Ilnclude only 'I where Well ID iz in I SRBCT - 87 Gene PAM Model Id @

*** jndicates lists local to this dataset

5. Click onFilter.

suhset Lakel [BF Gene PAM Model - Complete Dataset @
Filter | Cancel |
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D

(@

Filtering/Groupingl Analysis Todls --@&

jand

Chaose a Toal ICIustering: Hierarchical

/

Proceed

Interactive Craphical Viewers --@¥

Chaose a Viewer IPCA: Principal Components Analysisj and  Wiew

Hierarchical Clustering Options --@

Sirmilarity/Distance hetric

Genes: ICurrBIatiun {centered - classical Pearsun)j

Arrays: ICurrBIatiun {centered - classical Pearsun)j

Linkage Method: |Average Linkage j

Cluster |

®

Lab 12. Applying Hierarchical Clustering to the PAWbdel

Verify that the current dataset is the right
dataset. (87 Gene PAM Model — Complete
Dataset)

1. In the Filtering/Grouping/Analysis section,
choose th€lustering: Hierarchical Tool

2. Click onProceed

A new page will be displayed with options for
selecting the Similarity/Distance Metric.

3. ChooseCorrelation (centered classical
Pearson)to cluster botlfGenesand
Arrays.

4. Click onCluster button.
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Yiew Clusters

A new page will be d|Sp|ayed for A View button should appear abowe when clustering 15 firnshed (a link wall also appear at the bottom).
Hierarchical Clustering progress. Whe
the an alySiS is done’\a'ew Clusters Clustering 15 performed using a dertvative of the Xeluster program developed at Stanford University by

button is dISpIayed on tOp of the page Gavin Sherlock Head Microarray Informatics.

Initiating Hierarchical Clustering program. ..

1. Click theView Clustersbutton at the Geruind SiIe of data...

Reading Data...

top of the page or thélick to view Done reading data...

. bzzigning Genes to Centroids: iteration 1
reSUIt Ilnk at the bOttom bzzigning Genes to Centroids: iteration 2
Converged
HMaking correlations
o
Done Making Correlations

A new page will be displayed with a Clustering genes
thumbnail image of the clustering res Done clustering genes

Making correlations

o

Done Making Correlations
Clustering Experiments
10

z0

30

40

50

&0

Done Clustering Experiments
Outputting cdr file

Done outputting
Finished

Click to view result

Lab 12. Applying Hierarchical Clustering to the PAWbdel
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1. Click the thumbnail on the page.

A new browser window will open up to display anagked heatmap
image and gene tree of the clicked thumbnail image.

2. Check the array tree structure. Check the relskip among all the
tumor groups..

(=]

(1)

3. Click on the gene annotations on the right. & mendow will open
with a feature report page.

4. Close the Heatmap display window.

| | I
rj:lﬂ|||Jﬂm:'?ﬂ_rﬁﬁmlHﬁLl%m%T?Aa.TJTmellﬁﬁ%

=
=
o
o
b

Muzcle
Muzcle

o
I
il e}
I
et
17}

WID:10823d3 || IMAGE:80968:
WID:10812d2 || [MAGE:7671E:
WID:1080794 || [MAGE:14692
WID:1060582 || IMAGE:23628:
WID:1031295 || [MAGE:24141;
WID:1081846 || [MAGE:74060
WID:1061305 || [MAGE 18333
WID:1082379 || [MAGE:G0103
WID:106237d || [MAGE:G409d:
WID:1060544 || IMAGE:29739:
WID:1032194 || IMAGE:20081
WID:1082383 || IMAGE:71d45:
WID:1061301 || [MAGE:SL1005
WID:1081275 || I[MAGE:41591
WID:1080625 || I[MAGE:75575
WID 1081666 || IMAGE 14330
WID:1081369 || IMAGE:8§3955:
WID:1081514 || [MAGE:14095
WID:1061062 || [MAGE:42358
WID:1062d1d || [MAGE:7EdZ2
WID:1082370 || IMAGE:89821
WID 1060633 || IMAGE =765710
WID:1082505 || IMAGE:24d61:
WID:1081013 || IMAGE:d6142!
WID:1080585 || [MAGE:29806
WID:1081462 || IMAGE 79825

Questions:

1. Review the dendrogram for the samples and identify possible clustersdddsweatmap pattern distinguish
the clusters?

2. Review the test arrays not used in the PAM analysis and verifhartéey cluster into the right tumor groups.

Lab 12. Applying Hierarchical Clustering to the PAWbdel >



